Twenty-one patients with complete heart block (CHB) were studied by recording His bundle (BH) electrograms. 
Abbreviations: CHB = complete heart block; RBBB = right bundle-branch block; LBBB = left bundle-branch block; RAD = right axis deviation; LAD = left axis deviation; IVC = interventricular conduction defect; P = permanent pacemaker implant.
ing His bundle (BH) electrograms from patients with complete heart block.
Methods Twenty-one patients with complete heart block (CHB), ranging in age from 10 to 91 years (table 1), were studied during right heart catheterization. Six patients had previous permanent pacemaker implants. In the patients with permanent pacemakers, the QRS complex was determined from the electrocardiograms available during CHB but prior to the pacemaker implantation, that is, during spontaneous idioventricular rhythm. Of the remaining 15 patients, only three showed a QRS complex of normal duration (<0.10 sec) during complete heart block, and 12 had QRS complexes that were abnormal in shape and duration (0.12 sec or more). The only four patients on daily maintenance medication were patients 8, 9, 10, and 17 (table 1) . The patients were studied in the postabsorptive state and premedicated with 100 mg of pentobarbital (Nembutal) administered intramuscularly 1 hour before catheterization. In one patient (case 9) the study was repeated after a 6-month interval.
His bundle (BH) electrograms were recorded as described previously. 23 The BH recordings were validated by demonstrating the progressive lengthening of the A-H time as the P-P interval was shortened, either by right atrial pacing at progressively increasing rates (up figure 3 . In each instance atrial (A) activity was followed by a BH deflection without any accompanying ventricular (V) activity. The idioventricular or pacemaker induced ventricular (V) activity was independent and unrelated to each A wave and its associated BH deflection. Only one of these 18 patients (case 4; fig. 4 nine of these the QRS complexes had a different shape and duration as compared to those in the electrocardiograms prior to the development of CHB. It should be emphasized that the configuration of the QRS complex was always determined for idioventricular rhythm during CHB prior to permanent pacemaker implantation. In the other eight patients ECG tracings taken prior to the development of complete heart block were not available for comparison. The A-H time ranged from 60 to 120 msec. In every case as the P-P interval was progressively shortened, the A-H time lengthened progressively, and with atrial pacing Wenckebach phenomena were observed in addition to the CHB distal to the BH. This response is depicted in figure 5 .
One patient (case 9) who showed block distal to the BH with an A-H time of 120 msec, when studied initially, subsequently showed the absence of a BH deflection after each A wave.
Block Proximal to the BH Three of the 21 patients (cases 2, 6, and 12) had block proximal to the BH (table 1) . In each case the ventricular (V) activity was preceded by a BH deflection with a fixed temporal relationship between the two deflections. The atrial (A) activity was completely independent and u ellated to the paired BH and V deflections. Two of these patients (cases 2 and 12) had normal QRS complexes (figs. 6 and 7) during CHB with an H-V time of 40 msec. In cases 2 and 12, ECGs before CHB are not available. In case 2 ( fig. 7 ) the intravenous administration of 0.5 mg of atropine resulted in an acceleration of the ventricular rate from 40 to 75 beats/min despite persistence of complete heart block. The third patient (case 6) had left bundlebranch block ( fig. 8 ) before and after the development of complete heart block. The H-V time in this patient was 50 msec. He also demonstrated another ventricular pacemaker with a higher automaticity (R-R = 1430 msec) as compared to the pacemaker situated above the bifurcation of the His bundle (R-R = 1800 msec). (B) As the atrium was paced (PI) and the P-P interval was shortened from 720 msec (panel A) to 500 msec, the A-H time lengthened to 140 msec. The inset depicts the magnified BH deflection which measures 30 msec.
confirms the recently reported high incidence26 of such block.
All the patients with CHB distal to the BH had A-H time ranging between 60 to 120 msec, indicating normal conduction through the A-V node (normal A-H time =50 to 120 msec). 23, 25 Normal conduction through the A-V node, even in the presence of a severely diseased His-Purkinje system suggests that the disease process affecting the His-Purkinje system usually does not extend to the A-V node. These conclusions are supported by a recent histopathologic study27 which demonstrated that the A-V node and the proximal main bundle were normal in patients with CHB. The pathologic lesion for CHB was shown to be due to bundle-branch fibrosis which is characterized by progressive loss of fibers in the distal conduction system. The fibrosis is probably a result of different etiologies, and the morphologic changes suggest a primary degenerative process of the conduction system. Most of the patients with bundle-branch fibrosis are elderly as are the patients in our series with blocks distal to the BH. On the other hand, heart block due to A- The electrocardiographic criteria12' [20] [21] [22] suggested previously cannot precisely localize the site of block during CHB and are not completely reliable, although they serve as rough guide lines. During complete heart block, if the QRS complex is normal (0.10 sec or less in duration), the block may be situated either in the A-V node or within the His bundle proximal to its bifurcation into bundle branches. Case 4 ( fig. 4) fig. 8 ). In such a case, only a comparison with a previous control tracing, which is usually not available, can bring such a possibility to light. Another possibility can also be entertained. In certain instances, the block may be located above the bifurcation of the bundle of His with an intact antegrade conduction in the bundle-branch system and still show an idioventricular pacemaker arising anywhere in the ventricles. This can occur owing to the presence of a dominant idioventricular pacemaker with a higher automaticity than a pacemaker located above the bifurcation of the BH. That this possibility is real is shown in figure 8 . Under these circumstances, the standard electrocardiogram can be mis- Humility and Wisdom from Experience (Stokes 1855) As the student, fresh from the schools, and proud of his supposed superiority in the refinements of diagnosis, advances into the stem realities of practice, he will be taught greater modesty and a more wholesome caution; he will find, especially in chronic disease, that important changes may exist without corresponding physical signs,-that as disease advances, its original special evidences may disappear,-that the signs of a recent and trivial affection at one portion of the heart may altogether obscure or prevent those of a disease longer in standing and much more important,-that functional alteration may not only cause the signs of organic lesion to vary infinitely, but even to wholly disappear,-that the signs on which he has formed his opinion to-day may be wanting to-morrow,-and lastly, that to settle the simple question between the existence of functional and that of organic disease will occasionally baffle the powers of even the most enlightened and experienced physician.-STOKES, WILLIAM: Preface. In Diseases of the Heart and Aorta. Philadelphia, Lindsay and Blakiston, 1855, xii.
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